Purpose To evaluate the 24-h intraocular pressure (IOP) control of brimonidine/timolol fixed combination (BTFC) versus the unfixed combination of its individual components, each dosed twice daily, in patients with primary open-angle glaucoma or ocular hypertension. Methods An observer-masked, randomized, crossover, active-controlled, two-centre comparison. Following a 6-week medicine-free period, patients were randomized to BTFC or to the unfixed combination of brimonidine and timolol for 3 months. Patients then were crossed over to the opposite treatment for another 3 months. At the end of the medicinefree period, and each treatment period, patients underwent 24-h IOP measurements at 0600, 1000, 1400, 1800, 2200, and 0200 hours. Results Twenty-eight patients completed this study. Both BTFC and the unfixed components showed a significant IOP reduction from untreated baseline (Po0.0001), and were statistically equal when compared directly, for each individual time point and for the 24-h IOP curve (P40.05). The mean 24-h IOP was 24.671.9 for baseline, 19.271.9 for BTFC, and 19.271.6 mmHg for the unfixed components (P ¼ 1.0). Four patients were discontinued due to side effects. The most common ocular adverse event was ocular hyperaemia (n ¼ 3 with BTFC and n ¼ 5 with the unfixed components, P ¼ 0.7) and systemic adverse events were rare. Conclusion This study suggests that both BTFC and the unfixed components of brimonidine and timolol provide a significant 24-h IOP reduction from untreated baseline, and statistically equal control when compared directly, at each time point and for the 24-h pressure curve.
Introduction
The brimonidine/timolol fixed combination (BTFC) (Combigan TM , Allergan Inc., Irvine, CA, USA) is a new fixed combination that has recently been approved in the European Union. Craven et al 1 demonstrated that the BTFC, compared to each of its individual components, reduced the morning trough pressure by 28% from no treatment and 1.6 mmHg from timolol alone. However, the afternoon time point at 1500 hours showed only a 0.6 mmHg further reduction in pressure, whereas at 1700 hours no additional decrease was observed, compared to timolol alone. Further, Sherwood et al 2 recently showed, in a meta-analysis of the two regulatory trials, the BTFC reduced the pressure more than the individual components at all time points except compared to brimonidine at 1700 hours (dosed three times daily). The range of reduction was 4.4-7.6 mmHg with the BTFC, 2.7-5.5 mmHg with brimonidine, and 3.9-6.2 mmHg with timolol.
In another comparison, Goni showed that the BTFC provided almost equal efficacy to the unfixed combination of its individual components (brimonidine and timolol dosed twice daily) with reductions ranging from 4.4 to 5.3 mmHg in both groups at morning trough and peak time points. 3 The unfixed combination demonstrated a mean 0.4 mmHg further reduction than the fixed combination measured.
However, as glaucoma is a 24-h disease, it is important to assess the 24-h efficacy of all new medications 4, 5 and to document the therapeutic equivalency of fixed combinations versus unfixed therapy throughout the 24-h period. Unfortunately, there are no comparative data evaluating the BTFC, compared to the unfixed therapy, beyond the two morning time points evaluated by Goni. 3 Therefore, the purpose of this study was to evaluate the efficacy of the BTFC versus the unfixed combination of its individual components, each dosed twice daily over the 24-h pressure curve in patients with primary open-angle glaucoma or ocular hypertension.
Materials and methods

Patients
The patient population consisted of adults with ocular hypertension or primary open-angle glaucoma. The design was an observer-masked, randomized, crossover, active-controlled comparison. Patients selected for this study were recruited from two clinical sites: Glaucoma Unit, 1st University Department of Ophthalmology, AHEPA Hospital, Thessaloniki, Greece and the Department of Ophthalmology at Agios Andreas Hospital, Patras, Greece. All patients were examined by the two principal investigators (AGPK, IEK).
The protocol of the study was approved by a local IRB, which also approved the informed consent of the trial. The study was in adherence to the tenets of the Declaration of Helsinki. All patients who agreed to participate in the study and met the inclusion and exclusion criteria were enroled.
We included patients of either gender, older than 21 years of age, who demonstrated: willingness to comply with the investigator's and protocol's instructions; a clinical diagnosis of primary open-angle glaucoma or ocular hypertension in at least one eye (study eye); at screening, an intraocular pressure (IOP) considered to be at a level in both eyes, in such a way to assure clinical stability of vision and the optic nerve throughout the trial; at baseline, an untreated IOP of 23-36 mmHg inclusive at the 1000 hours measurement (Visit 2). Patients with glaucoma were defined as those having typical glaucomatous optic atrophy (neural rim thinning, notching, saucerization, or nerve fibre layer disc haemorrhage) with or without typical glaucomatous visual field damage (arcuate, Seidel's or paracentral scotoma or nasal step). Patients with ocular hypertension had no sign of apparent glaucomatous optic disc or visual field damage.
We excluded patients who received therapy if they had a previous history of unresponsiveness (deemed to be an IOP reduction of o10%) to any anti-glaucoma medication, or there was a history of noncompliance. Patients were also excluded from this study if they demonstrated: unreliable applanation tonometry; inadequate visualization of the ocular fundus or anterior chamber; a concurrent infectious/noninfectious conjunctivitis, keratitis, or uveitis; a history of hypersensitivity to any components of the preparations used in this trial; woman of childbearing potential or not using reliable birth control; pregnancy or lactation; a clinically severe medical or psychiatric condition; participation (or current participation) in any investigational drug or device trial within the previous 30 days before the screening visit; an intraocular conventional surgery or laser surgery; risk of visual field or visual acuity worsening as a consequence of participation in the trial, a cup to disc ratio of 0.8 or worse or a mean deviation of worse than À14 dB on visual field testing (not attributable to cataract); an inability to give informed consent; anticipated change in systemic hypotensive therapy during the active treatment portion of the trial (Visits 2-6); progressive retinal or optic nerve disease apart from glaucoma; reactive airway disease, second or third degree heart block, poorly compensated congestive heart failure or concomitant use of systemic beta-blockers.
Procedures
The methods for this study were similar to those described previously. [6] [7] [8] [9] [10] [11] [12] All patients signed an Institutional Review Board approved informed consent form before enrollment. Previously treated patients underwent an untreated washout period comprising 4 weeks for brimonidine, or dorzolamide; 5 weeks for beta-blockers or the dorzolamide/timolol fixed combination; and 6 weeks for prostaglandin analogues. 13 At Visit 2, patients who qualified by the IOP criteria for the study underwent a 24-h monitoring of their untreated sitting IOP with measurements at 0600, 1000, 1400, 1800, 2200, and 0200 hours. Patients then were randomly assigned by a dosing coordinator, using a computer generated randomized numbers list, to receive either the BTFC or brimonidine and timolol (given separately 15 min apart) for the first 3-month treatment period. Patients were asked to instill the study medicine at 0800 and 2000 hours. Patients were then crossed over to the second treatment period for another 3-month period. During the last 24-h of each treatment period, patients underwent 24-h IOP measurements like those at Visit 2.
Eye
The 3-month treatment period was chosen to avoid a carryover effect of the medications under investigation. 13 No washout period was included between treatment periods.
During the assessment of the sitting 24-h pressure curve, the investigator who performed the IOP measurements was masked to the treatment regimen and the same investigators used the same calibrated instruments (Goldmann applanation tonometer) to perform 24-h IOP curves. The medication was donated from Alvia Inc., Athens, Greece. Patients were admitted to the hospital in the morning for 24-h pressure testing. At the 2200 hours measurement, patients were awake at bed rest. The 0200 and 0600 hours IOP measurements were performed 5-10 min immediately after wakening and at the slit lamp. Patients were encouraged to carry out a normal life as much as possible within the hospital boundaries.
Masking was performed by placing a label with the patient number over the study medicine bottle that was purchased from the manufacturer. The patients were instructed not to show the medicine bottle to any study personnel or physician (except a designated dosing coordinator).
Regarding correct medication instillation and adherence, patients were instructed to wait 15 min between drops. In this study, all patients were instructed to perform nasolacrimal occlusion for 1 min after instillation of each study eye drop. At each visit, adverse events were recorded based upon the patient's unsolicited complaints or following a general query such as 'How are you doing?'
Statistics
Statistical analyses comparing the primary efficacy variable, 24-h IOP (average IOP for the six time points evaluated), were performed using a repeated measures of analysis. Individual time points were evaluated with a paired t-test within the analysis of variance. [14] [15] [16] [17] The significance level was set at 0.05 and a two-way, analysis was used for all tests. This study had an 80% power to identify a 1.5 mmHg difference between individual time points and between mean 24-h IOPs, assuming a standard deviation of 2.8 mmHg between treatments. 6, [18] [19] [20] The difference of 1.5 mmHg was chosen to be consistent with regulatory agency requirements of the clinical evaluation of new glaucoma medications. In a patient with bilateral glaucoma, one eye was randomly chosen at the time of enrollment for analysis. The number of patients who suffered individual adverse events between treatment groups was evaluated by a McNemar test. 21 
Results
Patients
There were 32 patients enroled in this study and 28 patients completed at least one time point at each 24-h curve visit for both medications. There were four patients who did not complete the trial due to side effects while on the fixed combination (one patient discontinued due to ocular intolerance), or the unfixed therapy (three patients discontinued; one due to systemic hypotension and two due to ocular intolerance). Patients who completed the study are described in Table 1 .
Intraocular pressure
The absolute values for the IOPs are found in Table 2 and in the Figure 1 . Both the fixed and unfixed combinations showed a statistical reduction from baseline for each time point and for the 24-h curve (Po0.0001). When treatment Table 3 . The results between treatment groups are similar to the absolute levels of pressure mentioned above for the 24-h curve and individual time points (P40.5).
Adverse events
There were eight ocular adverse events documented with the fixed combination and 12 with the unfixed components. The most common ocular adverse event was hyperaemia (n ¼ 3 with the fixed combination and n ¼ 5 with the unfixed therapy, P ¼ 0.7; Table 4 ).
There were two systemic adverse events with the fixed combination and three with the unfixed components: headache (n ¼ 2 with the fixed combination and n ¼ 2 with the unfixed components) and dry mouth (n ¼ 1 with the unfixed combination, P ¼ 1.0).
Discussion
Several prior studies have evaluated commercially available fixed combinations to their unfixed components. Generally, these studies have shown that the unfixed combination usually provides a marginally greater, but not statistically significant, reduction in IOP compared to the fixed combination containing the same medicines.
Specifically, Strohmaier et al 22 found that the dorzolamide/timolol fixed combination (Cosopt TM , Merck & Co., Whitehouse Station, NJ, USA) was 0.7 mmHg than its individual components (dorzolamide dosed three times daily). Diestelhorst and Larsson 23 showed that the latanoprost/timolol fixed combination (Xalacom TM , Pfizer Inc., New York, NY, USA), dosed in the morning, was 1.1 mmHg less effective than its unfixed combination (latanoprost dosed in the evening, timolol dosed twice daily). However, a repeat study by Diestelhorst and Larsson, 24 with evening dosing of latanoprost, found the fixed combination only 0.3 mmHg less effective than the unfixed combination. In addition, several articles have evaluated morning-dosed travoprost/timolol fixed combination with its unfixed components (travoprost dosed in the evening and timolol once daily). 
Eye
The purpose of the present study was to evaluate the efficacy of the BTFC versus the unfixed combination of its individual components, each dosed twice daily over the 24-h pressure curve in patients with primary open-angle glaucoma or ocular hypertension.
This study showed that both the fixed and unfixed combinations statistically reduced the IOP from untreated baseline, at each individual time point, and for the 24-h pressure curve. When both treatments were compared directly, they demonstrated a statistically equal IOP level at each individual time point and for the 24-h pressure curve. Our results are similar to the parallel study by Goni 3 for the morning trough and peak time points, but extend the knowledge of the pressure curve between these two treatment regimens for the complete 24-h day.
Nonetheless, the results of the current crossover study differ from previous studies comparing other fixed combinations to their unfixed individual components in that the IOPs in our study were the same, or very close, between treatments. Importantly, the design of the present 24-h study differed from previous diurnal trials examining a fixed combination versus concomitant unfixed therapy, in that, both treatment regimes were compared with the same dosing frequency and schedule. 3 In previous trials, with the exception of Goni and co-workers, there were differences in the frequency of dosing between the fixed and unfixed therapy combinations (eg, timolol once versus twice daily or dorzolamide twice versus three times daily) or with the dosing schedule (eg, the prostaglandin dosed in the evening versus morning). 23, 24, 27, 28 These design differences in the dosing may have accounted for the small differences in pressures between the fixed and unfixed combinations in previous studies.
The extent of pressure reduction over 24-h in our study with the brimonidine/timolol fixed and unfixed combination, from untreated baseline, was on average 22% with a 24-h range of 19-26% (daytime range also 19-26%). This range of pressure reduction mirrors the regulatory trials for the BTFC.
1,2 However, the extent of IOP reduction from untreated baseline is less than observed with other fixed combination therapies, which have ranged in the daytime from 27 to 29% with the dorzolamide/timolol fixed combination 27, 29, 30 and 30-38% with the prostaglandin analogue/timolol fixed combinations. 28, [31] [32] [33] The reason for the reduced efficacy difference with the BTFC in our study is not known precisely, but may have resulted from the decreased pressure response in the afternoon compared with other fixed combinations. This finding was consistent with the regulatory trials, when there was little difference between the BTFC and its individual components (brimonidine dosed three times daily) at 1700 hours. 1, 3 However, the reduced efficacy in the afternoon in the current trial may also be due to the lower baseline pressures during this time period. Further, the efficacy of the individual components alone was not compared with the fixed combination or unfixed components in our trial. Consequently, the continued efficacy of both components of the fixed combination throughout the complete dosing cycle could not be confirmed or denied based on our data.
Importantly, the value of the fixed combination compared with the individual components cannot be measured completely by ocular hypotensive efficacy. The fixed combinations have several advantages over the unfixed components. First, they eliminate the need to separate dosing as shown by Chrai et al, 34 who indicated at least 5 min was required before instilling a second treatment to avoid washing out the first. Second, the fixed combination simplifies therapy and should help compliance. Several studies have indicated that compliance is improved by reducing dosing to twice daily and decreasing the number of bottles. [35] [36] [37] Further, Stewart et al 38 have shown that European patients and physicians like the concept of once daily dosing. However, no direct proof yet exists that a fixed combination aids compliance.
The ocular adverse events found in this study were statistically similar between treatments with the most common being ocular hyperaemia in 11% of patients in the fixed combination group and 18% of patients in the unfixed group. Systemic adverse events were unusual in both groups.
This study suggests that both the BTFC and the unfixed components of brimonidine and timolol, when dosed twice daily, provide a statistical reduction from untreated baseline and statistically equal pressures when compared directly, at each time point and for the 24-h pressure curve.
This study did not evaluate the long-term 24-h efficacy of the fixed combination versus its individual components or unfixed therapy. This study also did not compare the BTFC to other fixed combinations. More research is needed to further clarify the best-fixed combination therapy and the stepwise order of therapy to treat ocular hypertension and primary open-angle glaucoma.
